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Background*, Exposure to environ- 
meoUl! tobacco smoke (passive smok¬ 
ing) has been suggested to be a cause 
of lung cancer, although early epide¬ 
miologic studies have produced in¬ 
consistent results. Purpose: We 
conducted an epidemiologic case- 
control study to assess the relation¬ 
ship between exposure to environ¬ 
mental tobacco smoke and lung 
cancer risk among women who have 
never smoked (t.e., having smoked for 
a total of <6 months or having 
smoked <100 cigarettes in their life¬ 
times). Methods: Case patients (n = 
210 ) were women with histologically 
confirmed primary carcinomas of the 
Inng who were lifetime nonsmokers. 
They were identified through hospital 
tumor registries and the Florida Can¬ 
cer Data System of the Statewide 
Cancer Registry. Community-based 
control women (n s 301) were also 
lifetime nonsmokers and were identi¬ 
fied through random-digit dialing. 
Details on childhood and adulthood 
exposures to environmental tobacco 
smoke were ascertained through 
Interviews with the study participants 
themselves or with surrogate re¬ 
spondents. Risks were calculated in 
terms of smoke-years, defined as the 
sum of the reported years of exposure 
to cigarette smoke from each smoker 


In the household. ResuUs: The risk of 
lung cancer more than doubled for 
women who reported 40 or more 
smoke-years of household exposure 
during adulthood (odds ratio [OR| = 
2.4; 95% confidence interval (CII = 

1.1- 5J) or 22 or more smoke-years of 
exposure during childhood and ado¬ 
lescence (OR = 2.4; 95% Cl = 

1.1- 5.4). Risks were highest for non- 
adenocarclnoma lung cancers, al¬ 
though modest elevations in risk were 
also observed for adenocarcinomas. 
When a surrogate respondent other 
than the patient's husband provided 
information on exposure, the risk esti¬ 
mates were considerably lower. Con¬ 
clusion: These findings suggest that 
long-term exposure to environmental 
tobacco smoke increases the risk of 
lung cancer in women who have never 
smoked. [J Natl Cancer Inst S4:1417- 
1422, 1992] 


In 1986, reports by the Surgeon Gen¬ 
eral (7) and the National Academy of 
Sciences (2) concluded that involuntary 
smoking can cause lung cancer in non- 
smokers. More recently, the National 
Institute for Occupational Safety and 
Health released a bulletin that reached 
similar conclusions (J). Several addi¬ 
tional studies have examined the rela- 
tTonship between environmental tobacco 
smoke and the development of lung can¬ 
cer in nonsmokers. In 1991, Fontham et 
ai. (4) reported the results of the first 3 
years of a large multicentered study of 
lung cancer risk among female lifetime 
nonsmokers. For nonsmoking women 
living with a spouse who smoked, there 
was a 50% increase in risk for develop¬ 
ment of lung adenocarcinomas. In addi¬ 
tion; there was a significant increase in 
risk for nonsmoking women exposed to 
environmental tobacco smoke at work 
or during social activities. No associa¬ 
tion was noted for nonsmoking women 


exposed to environmental tobacco 
smoke during childhood. In contrast, 
Jancrich ct a!. (5) found that exposure to 
high levels of household smoke during 
childhood and adolescence doubled the 
risk of lung cancer among male and 
female nonsmokers, whereas cx|>osure 
to smoke during adulth4H>d was not as¬ 
sociated with an excess risk. Other au¬ 
thors (6-/() noted an increase in lung 
cancer risk among the offspring of 
smokers, hut their study populations in¬ 
cluded few children who were not ciga¬ 
rette smokers themselves. 

The current study further explores the 
effect of environmental tobacco smoke 
and other risk factors for lung cancer on 
women who have never smoked to¬ 
bacco. 

Patients and Methods 

A population-based case-control 
study was conducted in central Rorida 
to examine the causes of lung cancer in 
nonsmoking women. Women were elig¬ 
ible for inclusion as case patients if they 
had a histologically confirmed primary 
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ctrcinoma of the lung (International 
Classification of Diseases for Oncology 
codes 162 2-162 9) that was diagnosed 
between April I, 1987, and February 28, 
1991:. and if they resided at the time of 
diagnosis in a 28rCOuniy area in central 
Florida These women were identified 
through the tumor registries of area hos¬ 
pitals and the Florida Cancen Data Sys¬ 
tem of the Statewide Cancer Registry. 
Control subjects were community based 
and were identified through random- 
digit dialing All case patients and con¬ 
trol subjects were lifetime nonsmokers, 
defined as having smoked for a total of 
less than 6 months or having smoked 
less than 100 cigarclle.s in their life¬ 
times. 

The sntoking status of potential case 
patients in the study was confirmed at 
several Mages. Once these individuals 
were identified by their hospital or the 
Stalevwde C ancer Registry, records, their 
smoking status was confirmed when 
Ihcir physician w'as contacted for per¬ 
mission to interview', again at> the time 
of initial contact with the patient or next 
of kin. andi finally, at the commence¬ 
ment of the interview. In addition, the 
inters iew' contained questions regarding 
experimentation w^ith tobacco, designed 
to elicit in a neutral manner any prior 
undisclosed tobacco use. Any potential 
case patient whose smoking sUtu.s could 
not be confirmed was excluded. Of 
those found to he eligible, 839^ of the 
case patients or their next of kin agreed 
to be interviewed. The smoking status 
of control subjects was determined dur¬ 
ing random-digit dialing and verified 
during the interview. 

Trained interviewers interviewed case 
patients and: control subjects either in 
person or over the telephone. When nec¬ 
essary. questionnaires were mailed. Of 
the case patient interviews, 41% were 
obtained by in-per^n contact, 51% by 
telephone, and 8% by mail. Of the con¬ 
trol subject interviews. 53.8% were ob¬ 
tained by in-person contact, 45.9% by 
telephone, and 0.3% by maill Informed 
consent was obtained from the case pa¬ 
tients and control subjects prior to the 
interviews according to the guidelines 
of the University of South Florida Insii- 
iulional Review Board. The interview 
included questions on environmental to¬ 
bacco smoke exposures at home, on ihc 
job, and in social settings. If case pa¬ 


tients were too ill to be interviewed or 
were deceased, surrogate respondents 
(primarily husbands and children) were 
interviewed. Interviews of surrogate re¬ 
spondents were necessary for 66.7% of 
the case patients. 

Odds ratios (ORs) were calculated to 
estimate the relative risks. Multiple lo¬ 
gistic regression analyses were per¬ 
formed using the SAS LOGISTIC pro¬ 
cedure (SAS Institute, Cary, N.C.). 
Ninety-five percent confidence intervals 
(CIs) w'crc calculated from the logistic 
models. The chi-square statistic was 
used to test for trend. 

Results 

The study population consisted of 210 
women with histologically confirmed 
primary lung cancer who had never 
.smoked (ca.sc patient.s) and 301 
community-based control! women who 
had never smoked (control subjects). 
The basic demographic characteristics 
of the case patients and control subjects 
are presented in Table 1. Nincty^lhrec 
percent of the case patients and 94% of 
the control subjects were White. (The 
small percentage of non-White study 
participants reflects the small percent¬ 


age |5%] of non-White case patients 
identified by hospitals and the statewide 
cancer registry.) Case patients tended to 
be somewhat older and had fewer years 
of formal education than controls, with 
a significant trend of increasing lung 
cancer risk with decreasing years of 
schooling (P = .(119). Almost half of the 
ca.sc patients and control subject.s had 
lived in Florida for at least 20 years. 

Table 2 indicates the ORs and 95% 
CIs a.s5M>cialed with exposure to ciga¬ 
rette smoke from parents, siblings, husr 
bands, and other household members, 
after adjustment for age. race, and 
education. Uhexposed individuals were 
those with no household cnvironmcnial 
tobacco smoke exposure. Wc describe 
exposure in terms of smoke-years, de¬ 
fined as the sum of the reported years of 
exposure to cigarette smoke from each 
smoker in the household. We considered 
smoke-years to be a more reliable meas¬ 
ure of exposure than pack-years, since 
study participants had less difficulty re¬ 
calling the number of years they had 
lived with someone who smoked than 
recalling the number of cigarettes per 
day to which they had been exposed. 
Smoke-years were subdivided into three 
categories of approximately equal size 


Tahk I. Disiribuiton of .elected charaacrtstics of ca&c patients and control ubjccis 


Characteristic 

Case patients (n 

• 210)* 

Control subjects (n 

« 5o\r 

No 

% 

No. 


Race 





White 

196 

95 

2K4 

V4 

Non-White 

14 

7 

17 

6 

Birth year 





Before IV2<) 

i.n 

65 

17V 

60 

1920-W2V 

52 

25 

7.^ 

24 

IM.VI or later, 

21 

W 

49 

16 

Martial status 





Married 

ION 

5i 

174 

58 

^her 

IU2 

49 

127 

42 

Years of education 





<8 gradc.v 

.V< 

IK 

57 

12 

V I I gradc.s 

.Vt 

17 

40' 

1.' 

> 12 grades 


65 

22.^ 

74 

Year in Florida 





<IU 

47 

22 

65 

22 

10-IV 

65 

50 

89 

.^0 

20-2V 

M 

16 

46 

15 


66 

M 

101' 

34 

Lung cancer cell types 





Adenocarcinoma 

129 

61 



Squamous cell carcinoma 

56 

17 



SmaltTCell carcinoma 

14 

7 



Al II other 

51 

15 


,1 ■—> 


*Valucs may not add to total bccau;.c of missing data 
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for both early and adult years. The dis- 
Iribution of smoke-years of exposure 
was much lower for early years, pri¬ 
marily because participants tended to 
live with spouses for more years than 
they had lived with their parents, result¬ 
ing in lower cutoff points. 

Lung cancer risk estimates for women 
who were exposed to environmental 
tobacco smoke during childhood and 
adolescence arc shown in Table 2. 
When we calcuhatcd the risk associated 
with exposure to smoke from family 
memhcTS on an individual basis 
(molhcr, father, siblings, and others), 
there was a slight increase in risk for all 
exposures, although the increases in risk 
were not .statistically significant: How¬ 
ever. when w'c calculated risk according 
to smoke-years of exposure, which re¬ 
flects total exposure to smoke from all 
household members, a significantly ele¬ 
vated risk of 2.4 Cl = 1.1-5 4) was 
observed for women exposed 22 years 
Of more. 

Table 2 also shows the effect of en¬ 
vironmental tobacco smoke exposure 
during adulthood on lung cancer risk. 
Women who lived for 40 or more years 
of their adult lives with husbands and 
other individuals who smoked were 
found to have an ekvated risk of 2.4 
(95% C! * 1.1-5.3). Ilf wc considered 
only smoke exposure from husbands for 
40 or more smoke-years (data rtot 
shown), the risk estimate decreased 
slightly to 2.2 (95% Cl = 1.0^ 9). 


In lerms of total lifetime smoke-years 
of exposure (Table 2), no significant ex¬ 
cess risks were observed for women re¬ 
porting fewer than 40 lifetime smoke- 
years. but women reporting 40 or more 
years of exposure experienced an ele¬ 
vated lung cancer risk of 2.3 (95% Cl = 
1.1-4.6). 

Wc also examined the relationship 
between the lung cancer risk associated 
with environmental tobacco smoke ex¬ 
posure and lung cancer cell type. Since 
61.4% of the lung cancers in the study 
were adenocarcinomas, all lung cancer 
histologies other than adenocarcinoma 
were combined in one group for anal¬ 
ysis. Risk estimates for smoke-years of 
exposure vvere calculated separately for 
the two groups, and the results are 
shown in Table 2. 

For w'omcn with adenocarcinoma, the 
risks were slightly elevated for all cate¬ 
gories of smoke exposure, but the re¬ 
sults did not achieve statistical 
.significance. Women with non-adeno- 
carcinoma lung cancers^ on the other 
hand, showed significantly elevated 
risks when their exposure to environ¬ 
mental tobacco smoke was of long dura¬ 
tion. The OR indicated a threefold 
increased risk of lung cancer for women 
who reported 22 or more smoke-years 
of exposure from parents, siblings, and 
others during childhood and adoles¬ 
cence (OR = 3.4; 95% Cl = 1.1-10.6). 
Similarly, women with 40 or more years 
of adulthood exposure to smoke from 


husbands and other household members 
experienced a significant elevation in 
risk (OR = 3.3; 95% Cl * 1,1-9.8) 
When total lifetime exposure to enr 
vironmental smoke was considered, the 
OR was 3.3 (95% Cl i= 1.2-89) for the 
highest exposure level. For women with 
non-adcnocarcinomd lung cancers, there 
was a statistically significant trend of 
increasing risk associated with increas¬ 
ing smoke-years of exposure for each 
type of exposure (childhood, adulthood, 
and lifetime). 

Since surrogate respondents were re¬ 
quired for about two thirds of the case 
patient interviews, we investigated 
w'hether the source of the case patient 
interview (self-rc.spondcnt versus .surro¬ 
gate respondent) affected the risk esti¬ 
mates. Surrogate respondents for case 
patients were divided into two groups, 
“husbands*' and “other surrogates.** 
the latter group con.sisting primarily of 
sons and daughters. The results of this 
analysis arc .shown in Table 3. Because 
the number of respondents in some cate¬ 
gories was very small, analysis of risk 
associated with exposure to smoke from 
individual! household members is 
limited to fathers and husband! In com¬ 
parison with the risk estimates for 
women whose interviews were com¬ 
pleted by themselves or by their hus¬ 
bands, the risk estimates for women in 
the “other suirogatc^’ respondent cate¬ 
gory were considerably lower. This re¬ 
sult was true both for risk associated 


Table 2. Effect of environmenut tobacco tmtoke on lung canccr> risk of nonsmoking women, according lo tumor cell type 


Etpifsufc KiMotv 


All lung 

cancers 


Adenocarcinomas 


All other cell lypcs 

OR* 

a 

F for trend 

OR* 

95^/<“ a 

F for trend 

OR* 

Cl 

P for trend 

£xpi»M>rc: yes/no 










M«rthcr 

1.6 

<1.6-4..*) 


1.6 

0.5-5.4 


17 

U.5-H.2 


Father 

12 

116-2.' 


1.1 

0.5-24 


14 

0.5-.'.7 


Siblings and others 

17 

n.H-.'.v 


1..' 

06-2.7 


1.4 

0.b-.'7 


HoitbamK 

1.6 

UK..'.n 


i.y 

0.6-2.7 


2.2 

U.8-5.K 


Smoke-vearv 










Oiildho(Kl/adoici;oei»cc (parents 










and siblings) 










c|K 

1.6 

<l.7..'6 


18 

0.7-4.4 


1..' 

0.4-4..^ 


ik:i 

1.1 

<1.5-2 6 


11 

0 4-.1.0 


1 ..' 

0..'-4.6 


*22 

2:4 

l.lr.S.4 

114 

1.9 

0 7-5.0 

.491 

.'.4 

1.1-10.6 

.041 

Adulthood (husbands and others) 










<22 

1.6 

<).K-.'2 


1.7 

08-.V7 


1..5 

0.5-4.2 



1.4 

117-2.9 


1.1 

0.5-2 5 


2.0 

0 7-5 4 


»4U 

2.4 

l.l-.V.' 

.025 

I.K 

0.7-4.7 

..'20 


l.V-9.8 


All!lifetime household cxfHrsure 










<22 

I 

0.6-2 5 


1.2 

0.5-27 


1.2 

04-3.4 


22-.'*# 

14 

0:7-2 V 


12 

0.^-2.7 


1.5 

0 6-4.2 


»4U 

2 

11-46 

U04 

17 

0 S>9 

.491 


11.2-8 9 

001 


•OR. atljusied for age. race, and education and >K grades) 
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Tftbk Effect <rf cwviro w me i it>l mhocxio unoke on lung caf>cer mk of oommoking women, nccording lo totircc of c»*< ptlioit tnterv^w 






Source of cause paoeni interview 




Self(n,» 70) 

Husband (n • 4K) 

Other Mirrofatc <n • 92) 

Self and husband (n « MK) 

ExpiiMtrc hisiory^ 

OR* 

9.-^9 a 

OR* 

95% Cl 

OR* 

95» Cl 

OR* 

95<-i Cl 

Expitsurc: yes/no 

FaihtT 

y.i 

n.v-iiL.t 

2(1 

04-KK 

06 

0.1.1..1 

27 

ro.7:.i 

llustKind 

M 

0.9-Ml 6 

.VI 

07M.1;7 

09 

0 4-Il9 

.1.1 

I.2-k;.v 

Sihlinpv and others 

— 

— 

— 

— 

— 

— 

4..1 

I ..1-M : 

Smt Ac-years 

ChitdtMMKl/ididcMXfMX (parents and' siblings) 

< IK 

4.3 

I.l-lh.7 

24 

U4.I2K 

1)6 

0.2-1.9 

.1.6 

l.2-1irK 

IK.2I 

2.4 

0 5-lOih 

1 h 

0.2-10.5 

06 

11.2-2-0 

2.1 

0 6-7.2 


h.5 

1 7 25.5 

14 

0.2-9.6 

1.6 

OJ5-4.K 

4.4 

1 4-11> 

t trend 


.IM 


.78 


.68 


.07 

AdullhiMid thushand and others) 

<22 

.V.4 

0.9-)2 2 

VI 

11.7-I4.K 

OK 

0.V2:0 

.V.1 

12-92 

22- 

.\.h 

1 

IK 

04-9 2 

OK 

0..VI.9 

29 

i.ti-s.: 


4.7 

1.2* 19.1 

4 2 

o.K-22;9 

1.5 

0.6-.1.9 

4 7 

I..1.I4 7 

i* f»»r trend 


.112 


.05 


..V5 


.<Hk> 

All liretimc househidd ex)Hrsurc 

2.tl 

0.5.7.6 

.1.2 

0.7-14 9 

06 

0..VI 6 

2.1 

09-7;: 

220V 

4.4 

I..VI5 6 

1.0 

U.2-5.6 

0.6 

0.2-1.4 

VI 

11-86 


4.1 

i.l-l4.K 

.V5 

0.7.16.7 

1.5 

0.7-3.6 

4.0 

1.4-n .1 

1* lor trendi 


III 


15 


.11 


.0(M 


*()R. adjusted lot ajiL’j.rjcc. and education (<H and >K grades) 


with exposure lo smoke from individual 
household members und for risk associ¬ 
ated with household smoke^years of 
exposure. 

Given that the risk estimates for self¬ 
respondents and spouse respondents 
were so similar, we repeated the anal¬ 
ysis, excluding **other surrogate*' re¬ 
spondents. As shown in Table 3, 
limiling the case patients to self¬ 
respondents and spouse respondents re¬ 
sulted in significantly elevated risks as¬ 
sociated with exposure during childhood 
and adolescence to smoke from siblings 
and others (OR = 4.3; 95% Cl = 

1.3- 14.2) and with exposure during 
adulthood to smoke from husbands (OR 
» 3.1; 95% Cl = 1.2-8.3). When smoke- 
years of exposure were considered, sta¬ 
tistically significant increases in risk 
were seen for the lowest and highest 
categories of smoke-years of exposure 
to smoke from parents and siblings; the 
risk estimate for the highest exposure 
category was elevated lo 4.4 (95% Cl = 

1.4- 13.5). When smoke-years of adult¬ 
hood exposure to smoke from husbands 
and others were considered, statistically 
significant elevations in risk were seen 
for the lowest and highest exposure cat¬ 
egories and borderline significance was 
found for the intermediate category. For 
the highest exposure category, the risk 
estimate increased to 4.7 (95% Cl = 


1.5-14.7). When lifetime household ex¬ 
posure was considered, a clear dose- 
response effect was evident: Risk esti¬ 
mates increased from 2.5 for fewer than 
22 smoke-years of exposure to 4.(1 for 
40 or more years of exposure. The sam¬ 
ple became small when we considered 
differences between lung cancer cell 
types for the different respondent 
groups; nevertheless, higher estimates 
were still associated with women diag¬ 
nosed with non-adenocarcinoma lung 
cancers, consistent with the analysis 
from the full data set. 

We found no statistically significant 
increase in risk associated with ex¬ 
posure to environmental tobacco smoke 
at work or during social activities (data 
not shown). 

Discussion 

The results of our study indicate that 
the risk of lung cancer is increased 
among women who are themselves life¬ 
time nonsmokers but who live in house¬ 
holds with smokers. Elevated risks were 
seen most consistently when exposures 
lo household smoke occurred during 
adulthood. Women with non-adeno¬ 
carcinoma lung cancers who reported 
high levels of exposure lo household 
smoke had the most pronounced eleva¬ 
tion in risk. There was suggestive evi¬ 


dence that prolonged exposure to 
tobacco smoke during childhood and 
adolescence might also he associated 
with an increased risk of lung cancer. 

An association between exposure to 
environmental tobacco smoke and the 
development of non-adenocarcinoma 
lung cancers has been noted in several 
other investigations, both in the United 
States and abroad. In a study that pooled 
data from three case-control studies in 
the United Stales, Datager et al. (9) re¬ 
ported an almost threefold increased 
risk of squamous cell and small-ccll 
lung carcinomas among male and 
female lifetime nonsmokers who were 
married to smokers, but they observed 
no increased risk of adenocarcinomas. 
Carfinkel et al. (/O) investigated the 
distribution of various lung cancer hi.sr 
tologies among lifetime nonsmoking 
women in New Jersey and Ohio. They 
found that women whose husbands 
smoked had a fivefold increase in risk 
of squamous cell lung carcinomas, hut 
no slalislically significant increase in 
risk of other types of lung cancer. In a 
study conducted in Louisiana, Correa ct 
al. (6) reported a doubling of lung can¬ 
cer risk among nonsmokers married to 
smokers, both male and female 
Although the risk estimates were not 
presented according to histologic classi¬ 
fication of the lung cancers, the author.s 
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indicated that the exclusion of ad^nocar* 
cinomas from their analysis produced a 
statisticallly significant linear trend of 
increasing risk with increasing ex¬ 
posure. 

In an investigation of non-adeno- 
carcinoma lung cancers in nonsmoking 
Athenian womcn» Trichopoulos cl at. 
(//) reported a risk estimate of 2.4 for 
women whose husbands smoked fewer 
than 21 cigarettes per day and a risk 
estimate of.5.4 for women whose hus¬ 
bands smoked more than 2t) cigarettes 
per day. An association between mar¬ 
riage to a smoker and an increased' risk 
of small-eel] and squamous cell lung 
carcinomas was al.so observed in a study 
of Swedish women (/2). For other lung 
cancer cell types in the Swedish study« 
the risks were close to unity except in 
the ca.se of women with high exposure 
levels, who.se risk was doubled. A .study 
of lifetime nonsmoking women ini Hong 
Kong by Koo et al. (/.?) showed that ex¬ 
posure to environmental tobacco smoke 
was associated with an elevated risk of 
squamous cell! and large-cell car¬ 
cinomas. The.se results conflict with 
those oKserved in a multicentered study 
in the United States (4), where an ele¬ 
vated risk of lung cancer attributable to 
passive smoking was limited to patients 
with adenocarcinoma; these individuals 
experienced an almost 50% increase in 
risk. In another study conducted in 
Hong Kong, Lam et al. {14) reported 
that lifetime nonsmoking w'omen with 
hu.sbands who smoked had an increased 
risk for the development of small-cell 
carcinomas, adenocarcinomas, and 
large-celt carcinomas, but not squamous 
cell carcinoma.s. 

Our analysis of the effect of cigarette 
smoke exposure during childhood and 
adolescence on lung cancer risk re¬ 
vealed an increased risk in women with 
22 or more total smoke-years of ex¬ 
posure. This excess risk for the highest 
exposure category was statistically sig¬ 
nificant for all lung cancers combined 
and for non-adenocarcinoma lung can¬ 
cers. A po.silive association between 
lung cancer risk and high levels of en¬ 
vironmental smoke exposure at a young 
age has also been reported by Janertch 
et al. (5)* and an increased overall can¬ 
cer risk among individuals exposed to 
cigarette smoke in childhood has been 
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noicd by Sandler et al. (7). In studies 
conducted by Conca el al. (6) and Wu 
et al (5), the increased lung cancer risk 
resulting from childhood exposures was 
found to be associated specifically with 
maternal smoking, whereas in our study 
we observed less variation in risk ac¬ 
cording to which family member 
smoked. 

in the interpretation of the results of 
this study, one area of particular con¬ 
cern is the impact of respondent type on 
the risk estimates. Although the risk 
estimates based on responses by the 
case patient and her husband are reason¬ 
ably similar^ given the sample size, the 
risk cMimatc.s based on *‘other .surro¬ 
gate*' respondents (primarily sons and 
daughters) are considerably lower. One 
possible explanation is that the children 
of the ca.se paticnls selectively under¬ 
estimated the exposures that their 
mothers received, particularly from their 
fathers* cigarette smoke. Conversely, 
the case paticnls and their husbands 
may have overestimated the exposure. 
Few studies have presented risk esti¬ 
mates according to respondent type. 
Janerich et all. (5) observed that inter¬ 
views with surrogate respondents pro¬ 
duced lowei passive smoking risk 
estimates than direct interviews. Data 
on variations within the sunogate group 
were not available. In another study on 
passive smoking, Garfinkel et al. {JO) 
reported that the highest lung cancer 
risk estimates were based on responses 
by the children of the study subjects, a 
finding opposite to that reported here. 

Another issue that must be considered 
in the evaluation of our findings is the 
possibility of misclassification of 
smokers as nonsmokers. Although every 
attempt was made to verify that the case 
patients were truly lifetime nonsmokers, 
only oral reports of smoking status were 
available. Fontham el al. (4) ascertained 
urinary cotinine levels to confirm self- 
reports of .smoking status. The results of 
this validation procedure suggested that; 
depending on the urinary cotinine level 
selected to indicate active smoking; 
either 0.8% or 2.4% of ease patients and 
2% or 3.9% of population control sub¬ 
jects could have been misclassified as 
lifetime nonsmokers. If Ihcsc same per^ 
centages arc applied to ouri study, then 
two to five ease patients and six to 12 


control subjects may have been incor¬ 
rectly classified ms nonsmokers. 

In any analysis that distinguishes be¬ 
tween lung cancer eel! types, the ac¬ 
curacy of the histological classification 
must be considered. In the present 
study, which included many hospitals 
throughout central Florida, an independ¬ 
ent pathological review was not possi¬ 
ble. However, the distribution of lung 
cancer cell types in our study was simi¬ 
lar to that described by Fontham et al. 
(4), who did conduct an independent 
pathological review. In the latter study, 
the pathological review resulted in rc- 
classification of approximately 25% of 
squamou.s cell carcinomas and .‘^9% of 
large-ccM carcinomas as adenocar¬ 
cinomas. Of tumors originally classified 
as adenocarcinomas, 91% were cor¬ 
rectly classified according to the inde¬ 
pendent reviewers. By extrapolation, 
any misclassifications in our own study 
would tend lo reduce the differences in 
risk estimates between various lung can¬ 
cer cell types, since the excess risks 
were associated primarily with non- 
adenocarcinomas. 

In conclusion; the results described 
here suggest that long-term exposure to 
environmental tobacco snioke inaeases 
the risk of lung cancer in women who 
are nonsmokers. Risks appeared most 
elevated for non-adenocarcinoma lung 
cancers. High levels of exposure during 
youth and adulthood may each play a 
role in increasing lung cancer risk. 
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Second Cancers in Patients 
With Chronic Lymphocytic 
Leukemia 

Lois B. Travis,* Rochelle £. 
Curtis, Benjamin F. Hankey; 
Joseph F. Fraumeni, Jr, 


Background: Reports to date have 
provided widely divergent estimates 
of the risk of second malignant neo* 
plasms in patients with chronic lym¬ 
phocytic leukemia (CLLK ranging 
from cancer deficits to excesses of 
twofold lo threefold. Purpose: Our 
purpose was to estimate the risk of 
second primary cancers following 
CLL utilizing population-based tu¬ 
mor registries, Rnd to determine 
whether site-specific excesses might 
be associated with type of initial 
treatment for CLL. Methods: We 


analyzed data for 9456 patients 
diagnosed with CLL as a first pri¬ 
mary cancer between 1973 and 1988, 
who were reported to one of nine tu¬ 
mor registries participating in the 
National Cancer Institute's Sur¬ 
veillance, Epidemiology, and End 
Results (SEER) Program and who 
survived 2 or more months. SEEK 
files were searched for invasive pri¬ 
mary malignancies that developed at 
least 2 months after the initial CLL 
diagnosis. Kesuits: Compared with the 
general population, CLL patients 
demonstrated a .significantly in¬ 
creased risk of developing all second 
cancers (X40 observed; observed-to- 
expected ratio |(>/E|i > L28; 95% con¬ 
fidence interval (Cl 1 s 1.I9-U7L Sig¬ 
nificant excesses were noted! for 
cancers of the lung (O/E s 1.90), 
brain (O/E s 1.98), and eye (intraocu¬ 
lar melanoma) (O/E = 3.97) as well as 
nvaliignant melanoma (O/E = 2.79) 
and Hodgkin's disease (O/E = 7.69). 
Cancer risk, which did not vary ac¬ 
cording to initial treatment category, 
was also constant across all time in¬ 
tervals after CLL diagnosis. Conclu- 
Sion: CLL patients arc at a signifi¬ 
cantly increased risk of developing a 
second malignant neoplasm. The pat¬ 
tern of cancer excesses suggests a 
susceptibiiity slate permitting the de¬ 
velopment of selected second malig¬ 
nancies in patients with CLL, perhaps 
because of shared etiologic factors, 
immunologic impairment, and/or 
other inHuences. Although our results 
do not suggest a strong treatment 
effect, more detailed studies of second 
tumors in CLL arc needed to investi¬ 
gate the role of radiation therapy and 
chemotherapy. IJ Natl Cancer Inst 
84:1422-1427, 19921 


Patients with chronic lymphocytic 
leukemia (CLL) exhibit a variety of im¬ 
munologic perturbations (/-4) that may 
increase their risk for second malignant 
neoplasms. The occurrence of familial 
CLL may also suggest, for some sub¬ 
jects, genetic determinants (5-7). such: 
as those that underlie other sets of mul¬ 
tiple primary cancers (5.9). Moreover, 
radiotherapy and chemotherapeutic 
agents may also contribute to subse¬ 


quent malignancies among cancer sur¬ 
vivors (10). It is important to clarify the 
risk of second cancers in CLL patients 
because of the potential impact on pa¬ 
tient management^ follow-upj and sur¬ 
vival. However, various reports to date 
have provided divergenl estimates of the 
occurrence of second malignancies in. 
CLL patients, ranging from canccri defi¬ 
cits to CXCC.S.SCS of twofold to threefold 
(//-2f/)- To further explore and quantify 
the risk of second cancers among a 
large number of C'LL patients in the 
general population and lo examine asso¬ 
ciations of risk with initial therapy, we 
conducted a survey of more than 9000 
.such .subjecl.s reported to the Nationul 
Cancer Institute's Surveillance. Epi¬ 
demiology. and End Results (SEEK) 
Program’ from 197.^ through I9KK. 
Since CLL patients are frequently 
treated only with alkylating agents w ith- 
out, the confounding effects of raditi- 
Iherapy^ this group of patients provides 
a special opportunity to study the late 
sequelae of these drugs. 

Patients and Methods 

We analyzed all patients diagnosed 
with CLL as a first primary cancer be¬ 
tween 1973 and 1988 who were reported 
to one of nine population-based cancer 
registries of the SEER Program and sur¬ 
vived 2 or rrtore months. Such registries 
include those in the metropolitan areas of 
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Mric.s in the United States, operated b> local 
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liiinal Cancer Institute (NCI) Each regtsiry an¬ 
nually submits its cases to the NCI on a computer 
tape. *rhcse computer tapes arc then edited by the 
NCI and made available for analysis 
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